P ulmonary atresia with intact ventricular septum (PA-IVS) is a rare form of complex congenital heart disease marked by hypoplasia of the right ventricle (RV), but in fact PA-IVS is associated also with myocardial, valvular, and even coronary artery abnormalities. 1 The range of anatomic variations complicates the palliative strategy in PA-IVS although neonatal intervention is imperative in all cases. Whenever possible, decompression of the RV by perforating the pulmonary valve is undertaken; historically achieved surgically, valve perforation is now commonly performed via transcatheter methods. For those patients in whom decompression of the RV cannot safely be performed Background-Outcomes after right ventricle (RV) decompression in infants with pulmonary atresia with intact ventricular septum vary widely. Descriptions of outcomes are limited to small single-center studies. Methods and Results-Neonates undergoing RV decompression for pulmonary atresia with intact ventricular septum were included from 4 pediatric centers. Primary end point was reintervention post-RV decompression; secondary end points included circulation type at latest follow-up. Ninety-nine patients (71 with pulmonary atresia with intact ventricular septum and 28 with virtual atresia) underwent RV decompression at median 3 (25th-75th, 2-5) days of age. Seventy-one patients (72%) underwent at least 1 reintervention after decompression. Median duration of follow-up was 3 years (range, 1-10). Freedom from reintervention was 51% at 1 month and 23% at 3 years. have a high reintervention burden although most achieve 2-ventricle circulation. TR ≤mild at baseline is strongly associated with reintervention and <2-ventricle circulation at medium-term follow-up. Degree of baseline TR may be an important marker of long-term outcomes in this population. (Circ Cardiovasc Interv. 2017;10:e004428.
Tricuspid Regurgitation and PA-IVS Neonates
because of coronary circulatory dependence on a hypertensive RV, single-ventricle palliation or heart transplantation is usually performed. Because long-term survival for PA-IVS with single ventricle physiology remains disappointing, there is inherent motivation to promote eligible candidates to 2-ventricle (2 V) circulation. [2] [3] [4] Unfortunately, there are cases where RV decompression is performed, but the patient fails to achieve 2 V circulation, and an even greater proportion of cases where numerous reinterventions are required after RV decompression. Several studies have sought to identify risk factors for single-ventricle (1 V) circulation in neonates with PA-IVS who undergo RV decompression, with many variables offered as important factors in determining risk of reintervention or 1 V after RV decompression. [5] [6] [7] [8] [9] Identified post-natal risk factors vary across studies but include echocardiographic indices of RV size (the diameter of the tricuspid valve [TV], the RV:left ventricle length and diameter ratios, the RV area, the tricuspid:mitral valve annulus ratio, and in particular the TV annulus z score) and invasive hemodynamic factors (RV systolic pressure preand post-intervention). 7, 9, 10 Fetal studies have implicated the degree of tricuspid valve regurgitation (TR) as a factor associated with subsequent outcomes, but this has not been replicated in post-natal studies. 11 Prior reports are limited by small cohort size and single-center experience, impacting generalizability of the findings. In this study, we sought to determine broadly applicable risk factors for reintervention and for failure to achieve 2 V circulation by analyzing a large multicenter cohort of patients with PA-IVS in which the treatment strategies were similar.
Methods
A retrospective review was conducted at 4 large pediatric cardiac centers of all infants who underwent an intervention in the neonatal period (age ≤30 days) to decompress the RV in the setting of PA-IVS. The 4 participating centers comprise the Congenital Catheterization Research Collaborative. Institutional review board approval was obtained at all centers. Procedures performed from January 1, 2005, through May 1, 2015, were included. Patients were included if they (1) were diagnosed at initial post-natal echocardiogram as having PA-IVS; (2) were deemed candidates for RV decompression, either surgically or via transcatheter methods; and (3) underwent intervention within the first 30 days of life. Patients were excluded if prograde or retrograde flow across the pulmonary valve was noted on any preintervention echocardiogram (ie, critical pulmonary stenosis) or if they were clearly noted to have Ebstein anomaly of the TV, given that Ebstein anomaly is associated with both valvular abnormalities and myocardial disease (patients with TV dysplasia but not Ebstein were included). Patients were also excluded if initial RV decompression occurred after the neonatal period. Patients diagnosed with PA-IVS at baseline echocardiogram, who were later found to have a tiny antegrade flow jet across the pulmonary valve at time of RV angiography, were included in the study and received the diagnosis of virtual atresia. Data were collected using the web-based REDCap database, and Children's Healthcare of Atlanta functioned as the data co-ordinating center for the study.
Patient Data
Patient demographic data, including sex, age, and weight at initial intervention, were collected. For patients undergoing catheter-based pulmonary valve perforation with valvuloplasty, deidentified catheterization data were collected by blinded reviewers at each institution (CJP, GTN, AMQ, ACG, and WW). Hemodynamic data were collected, including RV systolic pressure, end-diastolic pressure, and aortic systolic pressure. In addition, anatomic data were acquired, including diameter of the subvalvar RV outflow (infundibulum) pre-intervention, pulmonary valve annulus, main pulmonary artery (MPA), and proximal right pulmonary artery 1 cm beyond origin from the MPA. Interventional data were collected from the catheterization record including technique for valve perforation (wire or radiofrequency) and maximal balloon diameter and inflating pressure (atmospheres) used. For those patients who underwent primary surgical valvotomy as the initial intervention, surgical records were reviewed.
Echocardiographic Data
Pre-intervention complete deidentified echocardiograms were analyzed by blinded reviewers from each institution (RS, SAM, DJG, and LR) to assess the baseline, pre-intervention RV systolic function (qualitatively assessed as normal, mildly, moderately, or severely depressed), and pre-intervention degree of TR (none, mild, moderate, and severe). TR was graded based on previously published standards. 12, 13 Each reviewer also performed quantitative assessment of TV annulus diameter (in apical 4 chamber and parasternal short axis), RV length, RV cavity area (at end diastole), mitral valve annulus diameter, pulmonary valve annulus diameter, MPA diameter, and interventricular septal thickness. Because of the near uniformity of the patient cohort ages and weights, absolute measurement values were used for statistical analysis; however, for comparison to published literature, z scores were calculated for each patient using the Detroit z score package.
14 When available, Doppler across the TV was reviewed, and the tricuspid inflow duration/cardiac cycle duration ratio was reported. All measurements and codification were performed using the standard views, and methods of measurement were agreed by all 4 echocardiogram reviewers. Regular web-based teleconferences were held during which example studies were reviewed in an attempt to generate core laboratory standards without necessitating the use of a single-echocardiographic core laboratory. All measurements were conducted based on prior published standards. 13 Interobserver reliability testing was performed.
WHAT IS KNOWN
• Neonates with pulmonary atresia with intact ventricular septum (PA-IVS) who undergo right ventricle decompression are at high risk of reintervention.
• Some patients with PA-IVS who undergo right ventricle decompression end up with a single-ventricle circulation.
• Risk factors for reintervention and for single-ventricle circulation vary by study but generally have included tricuspid valve annulus diameter, right ventricular chamber size, and other anatomic factors.
WHAT THE STUDY ADDS
• We found that in our large multicenter cohort of neonates with PA-IVS, severity of tricuspid regurgitation pre-intervention was strongly associated not only with reintervention after right ventricular decompression but also with ultimate circulatory status.
• We also found that tricuspid regurgitation severity was associated with tricuspid valve annulus dimension and tricuspid inflow duration, suggesting that the physiology of moderate-to-severe tricuspid regurgitation may be favorable for right ventricular development and growth.
The primary end point of the study was any reintervention after primary intervention. Secondary end points included reintervention to (1) augment pulmonary blood flow with either a surgical Blalock-Taussig (BT) shunt or patent ductus arteriosus (PDA) stent or (2) treat recurrent valvar or subvalvar stenosis with repeat balloon valvuloplasty, RV outflow tract (RVOT) stent implantation, or surgical transannular patch (TAP). Type of circulation at latest available follow-up was also reported and codified as 2 V, one and a half ventricle (1.5 V) circulation, or 1 V circulation. The 2 V circulation included patients without an atrial septal defect or with an atrial septal defect shunting exclusively left-to-right and with saturations ≥92% at latest follow-up. The 1.5 V circulation included patients with antegrade flow through the tricuspid and pulmonary valves in continuity with a superior cavopulmonary anastomosis (eg, Glenn operation) or patients without a Glenn operation but bidirectional shunt across an atrial septal defect and saturations <92% at latest follow-up. The 1 V circulation was defined as having a Glenn operation with no antegrade flow through the pulmonary valve or as having undergone a total cavopulmonary connection (eg, Fontan operation) with or without trivial antegrade pulmonary blood flow.
Statistical Methods
Statistical analyses were performed using SAS version 9.4 (Cary, NC). Statistical significance was assessed at the 0.05 level unless otherwise noted. Descriptive statistics were calculated for all variables of interest and included medians and 25th to 75th percentiles, and counts and percentages, when appropriate. Echocardiographic measurements were compared within the same subjects using Wilcoxonsigned rank tests. Comparison of continuous measurements was made among the 4 TR groups (none, mild, moderate, and severe) using a Kruskal-Wallis test. Number of reinterventions was examined using Poisson regression using a log link. To account for differential follow-up, length of follow-up was included as an off-set parameter Values presented as n (%) or median (25th-75th percentiles). The n value in each row reflects the number of subjects with this data element available for analysis. ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; CNS, central nervous system; GA, gestational age; IVC, inferior vena cava; MPA, main pulmonary artery; MV, mitral valve; RV, right ventricle; TR, tricuspid valve regurgitation; and TV, tricuspid valve.
Table 2. Hemodynamic, Interventional, and Post-Procedural Results

Overall
Catheterization data n=96
Ventricular-coronary connections (n=96) 13 ( Values presented as n (%) or median (25th-75th percentiles). The n value in each row reflects the number of subjects with this data element available for analysis. ICU indicates intensive care unit; MPA, main pulmonary artery; PDA, patent ductus arteriosus; PGE 1 , prostaglandin E 1 infusion; PV, pulmonary valve; PVP, pulmonary valve perforation; RPA, right pulmonary artery; and RVEDP, right ventricular end-diastolic pressure.
in models, thus the resulting comparisons among groups reflect a rate of reintervention for a patient's length of follow-up. Time-dependent outcomes (eg, reintervention) showed the greatest risk of failure in the early post-intervention period. As a result, time-dependent outcomes were parametrically modeled. Parametric probability estimates for these time-dependent outcomes used models based on multiple overlapping phases of risk using PROC HAZARD (available for use with the SAS systems at https://www.lerner.ccf.org/qhs/software/hazard/). The HAZARD procedure uses maximum likelihood estimates to resolve risk distribution of time to event in up to 3 phases of risk (early decreasing or peaking hazard, constant hazard, and late increasing hazard). Maximum likelihood estimates are iteratively calculated using nonlinear optimization-based algorithms. Smoothed survival curves were generated using the HAZPRED procedure in SAS.
To identify risk factors associated with time-dependent outcomes after initial repair, parametric survival models were constructed using 1 risk factor at a time. Potential risk factors were sought from demographic, echocardiographic, and interventional data.
Multivariable models were created using forward entry of variables significant at the 0.2 significance level in univariate analysis. Variables retained in the final multivariable model were significant at the 0.1 level. In addition, variables with >15% missing data were excluded from multivariable analysis. Because of issues of multicollinearity, not all variables were considered in the multivariable models. Effects of covariates on the probability of outcomes in survival models are given as hazard ratio (HR) with associated 95% confidence intervals (CI). To control for site effects, site was included as a risk factor in all multivariable survival models. Because of the small number of deaths occurring without any reintervention (n=3, 3%), death was not treated as a competing event, and patients were censored at time of death.
To identify risk factors associated with circulation status after RV decompression, comparisons were made between subgroups of patients using χ 2 tests for categorical variables and Wilcoxon rank-sum tests. When expected cell counts were small (<5), an exact test was used in place of the χ 2 test. For this outcome, we used generalized estimating equations to identify independent risk factors associated with circulation type controlling for patients clustered within centers in a multivariable analysis. The final multivariable model for circulation type was constructed using a similar process as to what is describe for the time-dependent outcomes. Variables that were P<0.20 on univariate analysis and had sufficient sample size (not missing >15% of observations) were included as candidates predictors in our multivariable models. Because of the size of the cohort and prevalence of the outcomes of interest, several multivariable models were constructed for each outcome. Area under the receiver operating characteristic curve was used to select the final multivariable model. For the final model, odds ratios and associated 95% CIs are provided.
Results
During the study period, 231 neonates were diagnosed with PA-IVS; 128 of these neonates were surgically palliated (BT shunt, n=122) or underwent primary transplantation (n=6). The remaining 103 neonates underwent planned RV decompression for PA-IVS. In 2 cases, the patients had complications during attempted transcatheter RV decompression, resulting in procedural death, and were therefore excluded from further analysis. Both deaths occurred during the first half of the 10-year study period. Two patients who underwent successful RV decompression also had Ebstein anomaly of the TV and were therefore excluded from the study. Hence, the final study cohort consisted of 99 patients. Of these, 28 patients had virtual atresia; however, anatomically and physiologically these patients were indistinguishable from the patients with complete pulmonary atresia ( Table I in Table 1 ). Patient characteristics, including age and weight at primary intervention, were equivalent among institutions. There were 6 patients with genetic abnormalities, including 1 patient with trisomy 21 and 1 patient with Beckwith-Wiedemann syndrome. All patients received prostaglandin E 1 infusion before RV decompression, with 35 (36.1%) patients requiring mechanical ventilation pre-intervention.
Echocardiographic characteristics are summarized in Table 1 . The median TV annulus diameter was 10. RV infundibular hypoplasia was common. Angiographically, the median infundibular diameter was smaller than the median pulmonary valve annulus (P<0.001), smaller than the median MPA diameter (P<0.001), and the Table 2 ). Ninety-six of the 99 patients (97%) who underwent successful RV decompression initially underwent cardiac catheterization for intended transcatheter pulmonary valve perforation and balloon valvuloplasty. In 3 cases, transcatheter RV decompression was not performed, and instead the patients underwent a subsequent surgical procedure for RV decompression. Two of the 3 technical failures in the catheterization laboratory had inadvertent MPA perforation during radiofrequency application while the other patient had a hypoplastic infundibulum making appropriate catheter positioning challenging. In an additional 3 cases, surgical RV decompression was the primary strategy used as 1 institution used a temporary change in initial management of neonates with PA-IVS because of 2 successive MPA perforations. All 6 patients who underwent surgical RV decompression received a pulmonary valvotomy and TAP, with RV muscle bundle resection also performed in 3 patients. Hemodynamic and interventional characteristics, as well as limited post-procedural outcome data, are summarized in Table 2 . For the 93 neonates who underwent successful transcatheter RV decompression, radiofrequency perforation was used in 61 (65.6%) cases, with wire perforation used in 32 (34.4%) cases. In 27 of 28 (96.4%) cases of virtual atresia-where pre-intervention echocardiography demonstrated pulmonary valve atresia with no antegrade or regurgitant flow-wire perforation of, or direct wire passage across, the pulmonary valve was performed. With rare exception, patients were given a trial off of prostaglandin E 1 infusion after RV decompression to determine the need for an additional source of pulmonary blood flow. The median post-intervention period on prostaglandin E 1 was 7 days (25th-75th, 4-12), and the median intensive care length of stay was 13 days (25th-75th, 8-21 ).
Freedom From Any Reintervention
Based on our parametric survival models, freedom from reintervention was 51% (95% CI, 42%-60%) at 1 month, 27%, (95% CI, 19%-36%) at 1 year, and 23% (95% CI, 16%-33%) at 3 years post-RV decompression ( Figure 1A ). Reinterventions included 97 catheter-based reinterventions and 67 surgical reinterventions. Of the 99 patients, 71 (72%) underwent at least 1 reintervention, with 10 patients Table 4 ). The parametric survival models demonstrated that patients with moderate or severe TR pre-intervention had a 3-year freedom from reintervention of 31%(95% CI, 25%-37%) compared with just 6.5% (95% CI, 4%-11%) for patients with ≤mild TR (P<0.001; Figure 1B ). The median number of reinterventions per patient post-RV decompression was 2 (range, 0-5). Poisson regression demonstrated that when viewed over time, the rate of reintervention was greater in the ≤mild TR cohort (rate ratio, 1.87; 95% CI, 1.23-2.87; P=0.004).
Need for Additional Source of Pulmonary Blood Flow
A secondary source of pulmonary blood flow was provided in 42 patients, via PDA stent (n=33) or BT shunt (n=12). Of those patients requiring a second source of pulmonary blood flow, reintervention occurred at a median interval of 7 days (25th-75th, 3-12) from RV decompression. In 3 patients, the PDA stent was electively ligated at time of subsequent surgical TAP and a BT shunt placed. Freedom from reintervention to augment pulmonary blood flow was 56% (95% CI, 46%-66%) at 1 month, which was unchanged at 12 months post-RV decompression ( Figure 2 
Need for Repeat Intervention on the RVOT
Because of concerns for restenosis of the RVOT, 43 patients (43%) underwent repeat balloon valvuloplasty alone (n=24), surgical TAP alone (n=6), repeat balloon valvuloplasty and RVOT stent (n=1), or surgical TAP and repeat balloon valvuloplasty (n=12). The freedom from reintervention to treat recurrent RVOT (valvar or subvalvar) obstruction was 92% (95% CI, 86%-95%) at 1 month, 75% (95% CI, 66%-82%) at 3 months, and 55%(95% CI, 45%-65%) at 12 months post-RV decompression (Figure 3 ). Factors associated with reintervention for recurrent RVOT obstruction included smaller infundibular diameter (HR, 0.58 per 1-mm increase; 95% CI, 0.36-0.91; P=0.018). Interestingly, a larger TV annulus was associated with higher risk of reintervention for restenosis of the RVOT (HR, 1.20 per 1-mm increase; 95% CI, 0.98-1.46; P=0.071). The presence of a ventriculocoronary connection was protective against need for reintervention for recurrent RVOT (HR, 0.16; 95% CI, 0.02-1.33; P=0.090).
Circulation Status at Latest Follow-Up
The median duration of follow-up post-RV decompression Table 5 ). There was no mortality in this cohort during medium-term follow-up.
Further Exploration of the Possible Role of TR in PA-IVS
Given the strong association between degree of pre-intervention TR and various clinical outcomes, we explored further associations between severity of TR and other potential markers of RV health. On univariate analysis, the degree of TR was found to be positively associated with the diameter of the TV annulus (P<0.001) and with TV inflow duration (P=0.023) but not with RV area (P=0.114), RV length (P=0.518), pulmonary valve annulus diameter (P=0.558), or with RV systolic (P=0.570) or diastolic (P=0.653) pressures ( Figure 4A and 4B). The degree of TR was also positively associated with the TV z score ( Figure 4C ). Right ventriculocoronary connections (n=12) were highly associated with the degree of TR. Right ventriculocoronary connections were seen in 6 of 7 (86%) patients with no TR, in 6 of 19 (32%) patients with mild TR, and in no patients with moderate 0/42 (0%) or severe 0/15 (0%) TR, respectively (P<0.01).
Discussion
In this large multicenter study of neonates with PA-IVS and anatomy favorable for RV decompression, we found that the degree of TR before any intervention was associated with several important clinical end points. Lesser TR portended worse outcomes overall, with a greater incidence of the need for additional pulmonary blood flow after RV decompression and a greater number of reinterventions in those patients with ≤mild TR. Importantly, the degree of post-natal TR before intervention was also associated with eventual circulation status, with a greater degree of TR associated with higher likelihood of achieving 2 V circulation. It is attractive, physiologically, to link the pre-intervention degree of TR with development of the RV and its components, both in fetal and post-natal lives in the setting of PA-IVS. Implicitly, the degree of TR relates directly to the RV inflow volume because the blood volume entering the RV cavity before decompression is equal to the regurgitant volume at the TV, excepting the RV-to-coronary flow in neonates with fistulous connections. However, we did not find that the degree of TR was related to all anatomic elements of the RV. TR was not associated with dimension of the pulmonary valve annulus, the infundibulum, or with RV length but was positively associated with the TV annulus diameter, inflow duration, and the tricuspid annulus z score. Our study demonstrates that clinical outcomes after decompression are more strongly associated with the degree of TR than with the previously described associations with TV z score and other right heart parameters. 5, 6, 15, 16 This relationship suggests that the physiology of significant TR, more so than the static anatomy of the annulus itself, may be a much more relevant feature associated with outcomes in neonates with PA-IVS.
Although our study is unique in linking worse post-natal TR with better RV development and greater rate of achieving a 2-V circulation, prior investigations focused on the fetus with PA-IVS have demonstrated similar findings.
15,17, 18 Iacobelli et al 17 demonstrated that lack of TR in fetuses with PA-IVS was associated with 1 V circulation post-natally, as well as with ventriculocoronary connections. Gardiner et al 15 analyzed fetal echocardiograms of 21 patients with PA-IVS and also found that lesser TR was associated with post-natal 1 V destination. Interestingly, this study also found that on serial fetal echocardiography, important TR did not develop in any fetus where regurgitation was initially absent. 15 These fetal studies reinforce the findings from this study that significant TR is an important marker of improved development of the RV, with avoidance of severe RV hypoplasia, right ventricular coronary dependence, and ultimate 1 V circulation. 19 What remains unclear is whether, in the setting of fetal PA-IVS, TR induces favorable RV growth and development or is merely a surrogate marker associated with a tripartite, well-developed RV.
The generally poor clinical outcomes associated with 1 V circulation have driven the development of rare clinical programs designed to decompress the developing RV in fetal life, in an attempt to augment RV growth trajectory. 20, 21 Tulzer et al 22 reported in 2002 that fetal intervention to decompress the RV in fetal life was technically feasible in a small cohort of fetuses with PA-IVS. Several other centers have offered fetal therapy for PA-IVS as well. 23 There has been reported growth in the TV annulus after fetal RV decompression although the impact of fetal intervention on the pulmonary valve on fetal TR has not been reported. Yet even in these reported cases of fetal intervention on the pulmonary valve in PA-IVS, a high rate of reintervention and need for augmentation of pulmonary blood flow exist. 21 Operators in centers offering fetal pulmonary valvuloplasty for PA-IVS indicate that TV annulus size and RV 16, 19 Based on the findings in this study, one might expect that the degree of fetal TR would be an important criterion for fetal intervention.
In this large multicenter cohort of patients with PA-IVS, we describe a high burden of reintervention after RV decompression. Even those patients who achieve 2 V circulation (83% of our cohort) undergo multiple reinterventions. Although most reinterventions (and hence most interventions overall, given the low rate of surgical RV decompression in this report) were catheter based, the current treatment strategy should be thought of as staged palliation, in some manner similar to what is offered for forms of single-ventricle congenital heart disease. However, unlike other forms of complex single ventricle, there was no mortality in medium-term follow-up after initial intervention in our cohort. Nevertheless, these patients require close outpatient monitoring because they are at risk for both recurrent RVOT obstruction and insufficient pulmonary blood flow, as evidenced by the frequent reinterventions on the RVOT and the BT shunt/PDA stent placement in our series. Future studies in this population should assess longer term global outcome measures, such as functional health status and cardiopulmonary function. Such efforts could help identify early modifiable determinants of long-term outcomes, which would provide key targets for future interventional study.
Our study benefits from the development of a large, multiinstitutional data set with detailed pre-intervention data for each patient. This study is unique in both the size of the cohort and the comprehensive degree of characterization of right heart anatomy and physiology pre-intervention. This data set is unique in PA-IVS research and facilitated a complex statistical analysis less limited by sample size, which has hampered prior studies.
7,9
Limitations
Although this multicenter study comprises a large cohort of patients with PA-IVS with detailed anatomic and physiological characterizations, the study is limited by its retrospective nature. This study cohort includes only ≈45% of neonates who underwent intervention in the setting of favorable anatomy and physiology for RV decompression. Furthermore, our study includes neonates diagnosed with PA-IVS by echocardiography but found, on angiography, to have pinhole patency of the valve. Although these patients can be thought of as having critical pulmonic stenosis, in fact they have the RV phenotype of PA-IVS as seen in the Table I in the online-only Data Supplement. Meanwhile, our results and conclusions are not applicable to the approximately half of the PA-IVS cohort felt to be ineligible for, or not likely to benefit from, RV decompression. Indications for reintervention among centers, and within individual centers, were not clearly identifiable from the medical record. The particular factors relied on to promote some patients to 1 V or 1.5 V circulation were not available in many cases. Multivariable analysis was limited by the relatively high number of available variables and low number of events. Finally, follow-up is limited to medium-term in this cohort and does not include data on functional status or quality of life.
Conclusions
In this large multicenter study, we found that neonates with PA-IVS who undergo RV decompression have a high burden of reintervention although most achieve 2 V circulation. 558; A) . B, As the degree of TV regurgitation increases, the tricuspid inflow duration (inflow duration to cardiac cycle length ratio) increases (P=0.012). C, Positive association between the severity of tricuspid regurgitation and the TV annulus z score (P<0.001).
